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ABSTRACT 
A method is described for estimating components of variance for specific 
and general combining ability from breeding experiments arranged in incomplete 
block designs. Utilizing published results estimates of these components of 
variances were computed for a potato breeding experiment arranged in a rectangu-
lar lattice design with the parameters v=200 entries, k=20 entries per incomplete 
block1 r=6 complete blocks, and b/r=20 incomplete blocks within each complete 
block. The experiment was grown at three different locations thus yielding 
three estimates of the components of variance for combining ability. These 
results were used in the computations of expected genetic progress in the pre-
ceding paper of this Journal. The algebraic results were arranged in table 
form to facilitate printing. 
*Paper No. BU-62 of the Biometrics Unit and Paper No. 399 of the Department of 
Plant Breeding. 
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A potato breeding experiment containing 190 testcrosses and ten check 
.. ' 
( :" ~ l ' 
varieties (including six tester parents) was designed as a rectangular lattice 
with parameters v=2001 k=lO, r=6, and b=l2b. The details of the design and the 
analysis were reported previously by the ~uthars [ 2]. Same of the results are 
presented in the preceding paper in this'J~~nal [5]. The experiment was con-
.. . .- .... 
ducted at three locations -- Ithaca and Riverhead, New York and Clear Lake, Iowa. 
The 190 testcrosses resulted from the available crosses between 45 lines and the 
six tester parents. Only eight of the lines were crossed with all six testers; 
each line was crossed with at least one tester parent. There was n~ restriction 
in the experiment on the allocation of the testcrosses with a given tester parent; 
the 190 testcrosses were randomly alloted to the groups of entries in a given 
incomplete block arrangement. 
The specific purpose of this paper is to present a method for estimating 
variance components for specific combining ability and for general combining 
ability from m testcrosses arranged in an incomplete block design. For purposes 
•• 
of generality, it is assumed that v ~ m •• = number of testcrosses grown in the 
experiment with r replicates on each testcross (one could assume r ij replicates 
on thE;!. ijth cross, but this was not done for the particular experiment involved}, -· 
tha~.-,there are .£ lines crossed to at least one of the !: tester parents, that .• -'·-
est~tes of the within incomplete blocks and among incomplete blocks compo~ents 
of var_:j.ance (i.e., o~ and a~) are available from the analysis of variance foz:!_ 
the incomplete block design,2 that the number of testcrosses in an incomplete . ·-
1 
2 
Paper No. BU•c2 ot the Biometrics Unit and Paper No. 399 of the Department of 
Plant Breeding. 
If the design were a lattice square, the estimates of a2 ~ the column component 
c .. 
of variance, cr2 = the row component of variance, and a2 = the intraNr~ and 
r e 
column component of variance would be obtained fro~ the analysis of variance 
for the lattice square design and the model in Table 1 would have to be changed 
to include row and column effects within replicates in place of incomplete 
block effects within replicates. 
-2-
block is less than or equal to k = size of the incomplete block, that each test-
corss appears once in one of the incomplete blocks of each replicate (this con-
dition could also be modified if desired), and that the other conditions described 
in Table 1 hold. In Table 2, testcross totals Y .. , the tester parent totals ··~J 
Y ••.• , the line totals Y ., and the total of them testcrosses are described 
~ •••J •• 
in terms of the effects given in Table 1. An analysis of variance for the totals 
in Table 2 is presented in Table 3 • 
. -If expectations of the sums of squares in Table 3 are obtained under the 
"random effects" model (Table 4), the resulting expectations may be equated to 
the sums of squares of the data and estimates for the vario~ components of 
variance may be obtained, provided estimates of a~ and a~ are available. Estimates 
of the latter two components of variance may be from the anal.ysis of variance !'or 
an incomplete block design; this analysis is of the form: 
Source of variation 
Among complete blocks 
Among entries (ignoring incomplete 
blocks) 
Entries x complete blocks (ignoring 
incomplete blocks) 
Among incomplete blocks withi.n 
complete blocks (elim~nat­
ing entry effects) · 
Intrablock error 
Expected value 
v-1 
(r-1) (v-l)=f 
b-r 
f-b+r 
The coefficient of a~, i.e., K1 has been obtained in general terms [1] and is 
simple in form for a number of incomplete block designs. Thus, the method pro-
posed here is a combination of Henderson's methods 1 and 3 [4]. If the tester 
. r .~ 
parent e~fects are considered to be fix~d effects, then it would be necessary to 
:- .. ·. -~. : 
estimate the tester parent effects and correct the Y .. totals for these effects 
.. ~J 
and then to proceed as described above (Henderson's [ 4] methods 2 and 3). The 
varioui'models described by Griffing [3] may be utilized in conjunction with 
Henderson's methods to estimate the various components of variance. 
Returning now t_q the breeding exJ:eriment on potatoes 1 the total!?, Y .. , 
. . .,.;'! ... ,. .·. •.. "" . • ·~J 
for the m =190 test.crosses are presented in Tables 1, 2, and 3 of the ,preceding 
. . . . ' ';;· ~-. . -. ~--~ :. ,.. . 
paper [ 5]. In order ·to illustrate the method described in t:pis_ pa:per, Tables 5 
. ·~ . . ' 
and 6 have been prepar_ed. ·cIt· ~hould be noted that there ~ere. __ three ;basic 
.... ; •••• I'"><' ' 
' 
' 
~able 1. Model ~ conditions !2£ testcross e!Eeriment 
Yield for ghijth observation is equal to 
Xghij;:mijnghij (~-ii:>g +t)gh -ra:1 + Yj...ay ij+Eghij) where 
nghij = 1, if ijth testcross a.:ppears in hth incomplete block of replicate g 
= o, otherwise; 
mij ;:;; 1, if jth line is crossed with ith tester parent 
:r: o, otherwise; 
g = 1,2,•••,r= number of complete blocks; h=l121 ••• 1b/r=2k=number of incomplete 
blocks within complete blocks; i::sl,2,••• 1 a=number of tester parents; 
j = 1,2,••• 1 c=number of lines; ~=general mean effect; 
t3gh 
= effect of gth replicate or complete block with the pg independently .. 
and identically (II) distributed with mean zero and variance cr2 ; .. p 
= effect of hth incomplete block within gth complete block with the ~gh 
II distributed with mean zero and vari~e cr~=~; 
= effector ith tester parent with the a1 II distributed with mean zero 
and variance a~; 
=effect of jth line with the Yj II distributed with mean zero ap,d_ •. 
variance cry=cr~ = variance component for general combining ability; 
= interaction effect of jth line crossed with ith tester with the an:. lJ 
. II distributed with mean zero and variance a~y=a: = varieJ;lce compo:Ji1$nt 
for specific combining ability; 
€ghij = random effect II distributed with mean zero and variance cr~~o~. 
a - . ~ 1 ~) .: co ·,:-·.~ .t; -•. • • • .. . 
I:'··; ·rm .. =m =number of testcrosses=l90 testcrosses in the potato experiment 
i=l j=ll.J •• 
a 
tm1 .=m.j=number of tester parents crossed with jth line 1=1 J 
c 
nm1 j=m .• =number of lines crossed with ith tester parents 
. 1 J. J= 
~nghij=n••ij=r=6 for the potato breeding experiment 
2k v 
I: I:n hij=n =number of entries in gth replicate=v 
b=l ij=lg g••• 
~nghij=ng•ij=l 
~I:nghijmij=rmij=6mij 
I:I: I: n hij=mij=rm =6(190 )=1140 gh ij g •• 
Tab~e 2. Desiption .2! totals ~!!!~testcross anaJ.rsis * 
Tester Line 
parent 1 2 ••• j • •• c Total ·, 
------
1 y 
.. 11 y • ·12 
y 
.. lj y • •lc y • •l,• 
2 y 
.. 21 y 
··22 
y 
.. 2j y ••2c y • ·2· 
• 
• 
• 
i y 
•• il Y .. i2 
y 
.. ij y••ic y • •i• 
1 
• 
• 
a y 
••al y••a2 y••a.j Y••ac y ••a• 
Total y 
····1 y•••2 y•••j y•••c y •••• 
*Y••ij = 0 for a.ny m1j=O (i.e.; no yield was observed if the cross was not included 
in the experiment). 
In terms of effects, the various totals are equal to: 
r r b/r 
Y··~j = rm1j(~+a1+Yj+aYij)+mij g:lpg+mij g:l h:lngbij(~gh+£gbij) =total for ijth 
testcross. 
r c r b/r c 
Y. •i • = rm1 • (~+a1 )+m1 • E p +r . r. ·m1j ( Yj +aY ij )+ E r. J' .r.=_1m1jn ghij (13gh+€ghiJ") g=l g J=l g=l-h=l 
= total for ith tester parent over all lines. 
r a - r b/r a 
Y j = rm .(j.L+Y.)+m •. r. p +r r. m.j(o:.taY.j)+ r. E I.: m1 .n,.,n .. (~ h+€ h' .) ~ • • . • J J J g=l g i=l J. J. J. g=l h=l i=l J Q44l.J - g g l.J 
= total for jth line over all tester parents. 
r a c a c 
Y = m r~+m 
•••• •• •• 
r. p +r r. m. a.+r r. m jy .+r r. I: m. jo:Y .. -· 
1 g . 1 J.• l . 1 • J i 1 j=l l l.J g= l.= J= = 
r b/r a c 
+ r. I.: I: jr.=lmijnghij(~gh+€ghij) 
g=l h=l i=l 
= total of m testcrosses over r replicates • 
•• 
'"'\ ... ' 
.. 
1 
,: 
Table }. AnaJ.ysis !?! variance PB testcross tota.ls 
!. 
Source of variation d.f. Sum of s q~t:~-: 
Total (un~c;n-rec~d) m •• 
•. :;.J,r ... -· 
Correction for mean 1 Y'!. • ./rm •• =CT 
.. 
• • ~ • i! ~ 
-·· 
--
Among tester parents a-1 
Among lines c-1 
.. .; 
Tes.ter parent x line (a-l)(c-1) 
Table 4. Ex;pected values of ~ of squares .!;! ~ ..2 
c t Sum of omponen 
Squares li2 0'2 0'2 a2=a2 . a~ =a2 C12 ·2 . ·a p a y g "' ay 6 f) € 
----
2 
:L: miJY .. iJ. m rm rm •• rm m. • .. m'i. ·! rm r •• •• •• •• •• 
a y2 (Engh .. m. J )2 
L: 
•..• i. l EL:I: j l.J J. . rm m rm ar ar a 
. 1 rm .• •• •• •• r m . l= l. igh l.• 
c y2 . 
1ti:E 
(~ghijmij)2 
I: ···J l. rm •• m cr rm •• cr c 
. 1 rm . •• r .m J= •J jgh .. ·j 
y2 a c 1 •••• r Em~ r r.m2 rm · m 
- -
r - I:I:(tr.n m. )2 1 
rm ·~ •• m. • i=ll• m •• j=l·j rm •• gh ij ghij J.j 
•• 
1 c 1 r b/r a 1 r b/r a c 
E(C )=(c-l)cr2+ -~ [ E - E I: ( En hijm .. )2 - - I: I: ( E I:nghi .m .. )2] 
€ r ~ j=l m.j g=l h=l i=lg l.J m •• g=1 h=l i=1 j=1 J J.J 
1 a 1 c +ra~jc-l)+ra~(c-- r.m~.)+ra~(m .... - 'f.m~j) 
m. • i=l m. • J=1 
1 a 1 r b/r c 
E(I)=(m •• -a-c+l) (a~+rcr~.()+cr~[m •• - - E - I: I: ( I:nghijm .. )2 ~ ~ r i=l mi• g=l h=1 j=l lJ 
1 c 1 r b/r a 1 r b/r a c 
--I:- L: L:(I:nhi.mij)2+- I: E(L: L:ngh .• m.j)2] 
r j=1 m.j g=l h=l i=1g · J rm •• g=l h=l i=l j=l l.J l. 
1 a 1 c +ra~(m-- nmf.-c)+ra~(;-- nm:j-a) 
•• i=l •• j=l 
Table 5. Values of' En..,,"' .. m .. with corresponding sums and sums of' squares j ou~J ~J 
2 Reps with Z grouping (g=2 and 5) 2 Reps withY grouping (g=3 and 4) 
Incomplete Tester Parent ~~ghijmij Tester Parent EEngh .. m. j Block ij ~J ~ 
i=l 2 3 4 5 6 1 2 3 4 5 .6 
h = 1 1 2 2 2 0 2 9 3 3 1 2 1 0 10 
2 2 3 0 1 2 1 9 3 2 2 1 1 0 9 
3 4 3 0 1 1 1 10 1 2 3 0 1 3 10 
4 4 2 1 1 1 l 10 1 3 0 0 5 1 10 
5 2 2 0 2 2 2 10 1 2 3 2 2 0 10 
6 2 3 1 1 2 1 10 2 3 1 2 0 1 9 
7 3 1 2 3 1 0 10 3 2 3 2 0 0 10 
8 1 1 3 2 1 2 10 0 0 2 6 1 1 10 
9 0 3 5 0 1 0 9 3 0 1 0 2 3 9 
10 0 0 3 3 3 1 10 2 3 1 1 1 2 10 
11 1 0 4 1 1 0 7 0 0 1 4 3 2 10 
12 2 4 0 2 0 1 9 1 2 3 2 0 1 9 
13 2 3 1 1 2 0 9 1 3 3 1 1 0 9 
14 2 1 3 1 2 1 10 2 2 2 2 0 2 10 
15 1 1 2 2 3 0 9 2 1 0 2 2 2 9 
16 1 1 1 1 2 4 10 1 2 1 2 1 1 8 
17 1 1 2 2 1 2 9 2 2 1 0 2 2 9 
18 1 4 1 2 0 2 10 2 3 3 0 1 0 9 
19 0 2 3 3 1 1 10 1 1 4 3 0 1 10 
20 2 2 3 1 0 2 10 1 3 2 0 2 2 10 
.. 
mi .. 32 39 37 32 26 24 190 32 39 37 32 26 24 190 
---~--~---
m.,.=190 
~ ~ EZ(En .m .. )2=2 {12+22+••~+22 + 22+32+•••+32 + 
~ mi• gh j ghiJ ~J 32 39 
22+12+· ••+02 { = 85.96 
••• + 24 5 
m~. ~(~ghijmij)2 = 1~0(~+92+~o·+102 ) = 57.26 
2 Reps with X grouping (g=1 and 6) 
Tester Parent n::nghi .m .. 
ij J ~J 
1 2 3 4 5 6 
0 2 1 4 0 1 8 
2 2 1 4 0 1 10 
3 3 0 0 3 1 10 
1 2 2 2 3 0 10 
1 2 2 2 1 2 10 
4 1 1 1 1 1 9 
1 1 2 1 3 2 10 
3 0 3 1 2 1 10 
1 4 2 1 0 2 10 
3 3 3 0 1 0 10 
0 4 1 2 0 2 9 
2 3 0 1 1 2 9 
3 0 1 3 3 0 10 
3 0 3 1 1 1 9 
0 1 6 1 1 0 9 
2 1 1 1 1 3 9 
0 4 0 1 1 3 9 
0 1 3 2 2 2 10 
1 2 3 2 1 0 9 
2 3 2 2 1 0 10 
32 39 37 32 26 24 190 
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arrangements (x, Y, and Z) for the rectangular lattice used here; each arrange-
ment was utilized twice to obtain the si~' complete blocks.) Utilizing the 
expectations in Table 4 divided by degrees of freedom and the values in Tables 
5 and 6, remembering that m.,=l90, a=6, c=45, and r=6, the coefficients of the 
various components of variance are computed (Table 7). The intrablock and 
interblock components of variance and the mean squares for the three sources of 
variation (line, tester parent, and interaction) at each of the three locations 
are also given in Table 7. The estimated specific (cr~) and general (cr~) combin-
ing ability components of variance and the components of variance for tester 
parents are presented in Table 8 for each of the three locations. 
The use and interpretation o~ the components of variance for combining 
ability depend upon the particular type of experiment. involved; Sprague and 
Tatum [6], Griffing [3], the preceding paper in this Journal [5], etc. illustrate 
the use of these components of variance and the calculation and use of the effects 
in plant breeding experiments. 
Summary 
A method is described for estimating components of variance for specific 
and general combining ability from breeding experiments arranged in incomplete 
block designs. Utilizing published results estimates of these components of 
variances were computed for a potato breeding experiment arranged in a rectangular 
lattiee design with the parameters v=200 entries, k=20 entries per incomplete 
block, r=6 complete blocks, and b/r=20 incomplete blocks within each complete 
block. The experiment was grown at three different locations thus yielding 
three estimates of the components of variance for combining ability. These 
results were used in the computations of expected genetic progress in the pre-
ceding paper of this Journal. 
Table 6. Values of Engh .. m .. for 2 reps. with X grouping 
i ~J ~J 
I ncomplete 
L" ~ne J = 
Block 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 n 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4o 41 42 43 44 45 
-···-
h = 1 1 0 0 l 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 l 0 0 
2 0 0 0 0 1 0 1 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 
3 0 0 0 0 2 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 1 0 0 l 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
4 1 0 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
5 0 0 0 0 0 0 0 1 l 0 0 1 0 0 0 1 0 0 2 0 1 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 1 o· 0 1 0 0 0 0 0 0 
7 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
8 0 0 0 0 1 0 0 0 0 0 2 0 0 l 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 2 0 l 0 
9 1 0 1 0 0 1 0 1 0 0 0 1 l 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 
10 0 1 1 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 0 1 2 l 1 0 1 0 0 1 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 
12 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 l l 0 0 0 0 
13 0 0 0 2 0 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 l 0 0 0 0 0 
14 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 1 0 
16 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 l 0 0 0 0 0 0 0 0 1 0 0 0 1 l 0 0 0 0 0 1 0 0 1 0 
17 0 l 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 l 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 1 0 1 
18 0 0 0 1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 l 0 1 0 0 1 0 0 0 0 0 
19 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
20 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 l 0 0 0 0 0 b 1 1 0 0 0 0 1 0 2 0 0 
m.J 4 5 4 6 6 6 6 2 1 4 6 5 5 4 3 4 2 5 6 5 3 3 4 5 4 4 3 4 6 6 5 4 5 4 5 4 2 1 5 3 6 3 5 4 3 
--
-
Table 6 (cont'd). Val.ues of ~ghijmij for 2 reps. with Y grouping 
Incanplete 1------------------------ Line j "" ----------- --~--- ---~~----·-·-#-·---·----------Block 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Zl 28 29 30 31 32 33 34 35 36 37 38 39 4o 41 42 4:; 44 45 
..... _. ____________ 
h = 1 1 1 0 0 2 1 1 0 0 0 0 0 0 1 1 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 1 1 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 
4 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 2 
5 0 1 0 0 0 0 0 1 0 0 0 0 0 2 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 l 0 0 0 0 0 0 1 0 0 0 0 
6 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 2 0 0 1 1 0 0 
. 7 0 1 1 1 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 l 1 0 0 0 1 0 0 0 0 0 0 0 1 0 
8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 1 1 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 
9 1 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
10 0 0 0 1 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 1 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 
13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 0 2 0 0 0 0 1 0 0 0 l 0 
14 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 l 0 0 1 0 0 0 1 l 0 0 0 0 0 ]_ 0 0 0 0 
15 0 0 0 0 0 1 0 0 0 1 0 2 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 l 0 0 0 b 0 0 0 0 0 
16 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 1 0 0 0 0 1 1 0 0 
17 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 1 0 0 1 0 0 
18 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 
19 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 
20 0 0 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 b b 0 0 0 0 0 
-------···· ·-----------··· ------
m • 
•J 4 5 4 6 6 6 6 2 1 4 6 5 5 4 3 4 2 5 6 5 3 3 4 5 4 4 3 4 6 6 5 4 5 4 5 4 2 l 5 3 6 3 5 4 3 
.--
Table 6 {cont'd). Values of' fugh .. m .. f'or 2 reps with Z grouping 
i l.J l.J 
Incomplete Line j = 
Block 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 4o 41 42 43 44 45 
h = 1 1 l 0 0 2 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
2 0 0 0 0 1 0 0 1 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 
3 0 0 0 0 0 1 0 0 0 0 2 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 
4 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 1 l 0 2 0 0 0 0 0 0 0 0 0 0 0 l 
6 0 2 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 
7 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1 l 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 
8 2 0 0 1 1 0 0 0 0 1 0 l 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
9 0 0 1 0 0 0 0 0 0 0 0 l 0 1 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
10 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 l 1 2 0 0 2 1 0 0 0 0 0 1 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 1 l 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 1 
14 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 1 1 l 1 0 0 1 0 1 0 0 0 0 0 0 0 0 
15 1 0 0 1 0 2 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
16 0 1 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 
17 0 0 2 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 l 0 0 0 0 0 0 0 0 1 1 0 
18 0 1 0 0 0 1 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 0 0 0 
19 0 0 0 0 0 0 0 0 0 0 1 0 0 0 l 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 1 0 
20 0 0 0 0 1 0 0 0 0 2 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
m•j 4 5 4 6 6 6 6 2 1 4 6 5 5 4 3 4 2 5 6 5 3 3 4 5 4 4 3 4 6 6 5 4 5 4 5 4 2 1 5 3 6 3 5 4 3 
Table 7. Expected values .9! mean squares !.2!. ~potato breeding experiment 
Source of variation 
.. c~png tester parents 
Among lines 
Tester parents x lines 
Source of variation 
· ... -... ).: 
a~ = intrablock variance comw,pnent 
J .> ~#\t..·)>" ~ = interb1ock variance component 
Tester parent mean square 
Lin~" mean·: square 
Tester parents x lines mean square 
~ . 'f.'· . • ·. . . . ;. . .... 
Table 8. Estimates of the variance 
~ .......... 
Component estimated Ithaca 
0'2 
0: .79 
(12 
= 
0'2 
·53 y g 
2 
= 
a2 4.o4 O'o;y s 
d.f. 
5 
44 
140 
Expected value of mean square 
a~+. 96a~+6a~ +188 .9la~+ 1 .• 6)a~- ·· ': 
a~+.95~+6~y+1.69a~+25.28cr~ 
a~+.96~+6a~-.53a~-.p6'9.. •·' 
Location J!'~ .' ~~ ;·; ;·:-
., 
~ 
! .. -~ 
Riverhead Ithaca Cle~ Lake 
.-.,, 
·-
9.36 16. 7o" 10 .• 10 
·~ 
5-75 8.83 2.31 
199.50 234.70 68.75 
,I 
64.15 59.42 57 ·99 1 
48.95 32.48 27.54 
comJ2onents 
Location 
Riverhead Clear Lake Average 
1.06 .21 .69 
·97 1.18 .89 
:;.o4 2.57 3.22 
l. 
. f' .. l 
2. 
·;i i;~··· I', ')'I:• '''"""~r" .•. , 
•••• ..., 1• ,.,. ...... / 
. _,, ... 
,.r , 
. ! 
· i r 
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